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$\mathrm{m}\mathrm{i}\mathrm{n}g_{0}(x)$ subject to $g(x)=(g_{1}(x), \ldots,g_{m}(x))^{T}\in \mathcal{K}$ . (1)
, $g_{0}(x),g_{1}(x),$ $\ldots,g_{m}(x)$ $n$ , $\mathcal{K}$ $\mathbb{R}^{m}$
. , (1) # .
. $a=(a_{1}, \ldots, a_{n})\in \mathbb{Z}_{+}^{n},$ $x=(x_{1}, \ldots, x_{n})$ , $x^{a}$










(1) , , $x^{a}$ $y_{a}$ .
$g(x)$ $G((y_{a}: a\in A))$ ,
$G((y_{a}:a \in A))=\sum c(a)y_{a}$
$a\in A$
. (1) $\}$ ,
$\min G_{0}((y_{a}:a\in A))$ subject to $G((y_{a}:a\in A))\in \mathcal{K}$ (2)
. , $G((y_{a}:a\in A))=(G_{1}((y_{a}:a\in A)), \ldots, G_{m}((y_{a}:a\in A)))^{T}$ .
, $A$ $g_{0}(x),$ $\ldots,g_{m}(x)$ $x^{a}$ $a$ .
(2) , $G_{0},$ $G$ $y_{a}$ , (2) $\mathcal{K}$
. , , $\mathcal{K}$ , $\mathbb{R}^{m}$ ,
(2) .
, , $\mathcal{K}$ $\mathbb{R}^{m}$ , , $\mathbb{R}^{m}$
. , (1) ,
$\min x_{1}$ subject to $(\begin{array}{ll}1 x_{1}^{2}+2x_{2}^{2}x_{1}^{2}+2x_{2}^{2} .x_{1}^{2}x_{2}\end{array})\in \mathrm{S}_{+}^{2},$ $x=(x_{1}, x_{2})^{T}\in \mathbb{R}^{2}$ .
, ,
$\min y20$ subject to $(\begin{array}{ll}1 y_{2}\mathrm{o}+2y_{02}y_{20}+2y_{02} y_{21}\end{array})\in s_{+}^{2}$ .
, 2 . , $s_{+}^{2}$ , 2









, Lasserre SDP [5] . ,
.
, Lasserre SDP . Lasserre , SDP
:
$\min$ go(x) subject to $g(x)\in \mathbb{R}_{+}^{m}$ . (3)
, (1) $\mathcal{K}$ $\mathbb{R}_{+}^{m}$ . Lasserre (3) (
) . ,
$u(x, N_{i})u(x, N_{\dot{\iota}})^{T}$ $[succeq]$ $O$ $(\forall i=1, \ldots, m, m+1)$ (4)
. , $g_{i}(x)$ $w$: , $\tilde{w}:=\lceil w_{i}/2\rceil$ ,
$N_{m+1}\geq\lceil m/2\rceil,$ $N_{m+1}= \max_{i}\tilde{w}_{i}$ . , $N_{\mathrm{i}}=N_{m+1}-\tilde{w}$ : $(i=$











. (4) 1 , $x$ .
, (4) . (3) ,
$\min$ go (x) subject to $\{$
.
$g_{i}(x)\geq 0,$ $u(x, N_{i})u(x, N_{i})^{T}[succeq] O$ $(i=1, \ldots, m)$ ,





$M(g:x)[succeq].O$ $\Leftrightarrow$ $g_{\dot{\iota}}(x)\geq 0\mathrm{B}^{\mathrm{a}\text{ }}u(x, N_{i})u(x, N_{\dot{l}})^{T}[succeq] O$
, (5) ,
$\min$ go (x) subject to A#(x) $[succeq] O$ , Af $(g_{i}x)[succeq] \mathit{0}$ $(i=1, \ldots, m)$ (6)
. , $M(x)=u(x, N_{m+1})u(x, N_{m+1})^{T}$ .
(6) , $x^{a}$ $y_{a}$ . ,
$\mathrm{m}\mathrm{i}\mathrm{n}$ go(x) subject to $M(y_{a})[succeq] O,$ $M(g_{i}y_{a})[succeq] O$ $(i=1, \ldots, m)$ (7)
.
, Lasserre SDP . Lasserre SDP ,
, $N_{m+1}$ , . (6) (1)
226
, Lasserre SDP .
– , , (6) , (6)
, , , .
, , .
32
2 $f_{1},$ $f_{2}:\mathbb{R}^{n}arrow \mathbb{R}^{\ell}$ . Cauchy-
Schwartz ,
$(f_{1}(x)^{T}f_{2}(x))^{2}\leq(f_{1}(x)^{T}f_{1}(x))(f_{2}(x)^{T}f_{2}(x))$





$N_{3}=\{(x_{0}, x_{1})\in \mathbb{R}\cross \mathbb{R}^{2}|||x_{1}||_{2}\leq x_{0}\}$
, 3 . (8) $x\in \mathbb{R}^{n}$ , (8)
. (1) # , ,
.
, .
, . $f:\mathbb{R}^{n}arrow \mathbb{R}^{\ell}$ ,
:
$f(x)f(x)^{T}-f(x)f(x)^{T}=O\in s_{+}^{\ell}$ .
, $x\in \mathbb{R}^{n}$ . , $\ell$ $C$ .
,
$C\cdot(f(x)f(x)^{T}-f(x)f(x)^{T})\geq 0$






$(\begin{array}{lll}1+ C\cdot f(x)f(x)^{T}1- C f(x)f(x)\bullet\tau 2Lf(x)\end{array})\in N_{p+2}$
. , .
, , SOCP
. , SOCP [2]
SOCP . [2] SOCP , , SDP







. , , 2 .
41
, (1) # , , [5]




$g_{0}(x)-\zeta^{*}$ $=$ $q(x)+ \sum_{\dot{l}=1}^{m}g_{i}(x)t_{i}(x)$ $(\forall x\in \mathbb{R}^{n})$ (9)
. , $q(x)$ $2N_{m+1}$ , $t_{i}(x)$ $2N_{m+1}-w$: ,
. , (3) , (10) (11)
.
(1) $\mathit{9}j(x)$
$\mathit{9}j(x)=\gamma j+d_{j}^{T}x+$ $\sum cj(a)x^{a}$ $(j=0,1, \ldots, m)$
$a\in A^{N}$
228
. , $A^{N}$ , $a$ ,
$A^{N} \ovalbox{\tt\small REJECT}\{a\mathrm{c}A|\sum\ovalbox{\tt\small REJECT}_{1}a_{\ovalbox{\tt\small REJECT}}\ovalbox{\tt\small REJECT} 2\}$ . , $\gamma 0\ovalbox{\tt\small REJECT} 0$ . ,
$\mathit{9}Xx)$ $G_{j}(x,$ ( $y_{a}\ovalbox{\tt\small REJECT} a\in A^{N}\mathfrak{y}$ ,
$G_{j}(x, (y_{a}:a\in A^{N}))=\gamma_{j}+d_{j}^{T}x+$ $\sum cj(a)y_{a}$
$a\in A^{N}$
. , $G(x, (y_{a}:a\in A^{N}))$
$G(x, (y_{a}:a\in A^{N}))$ $=$ $(G_{1}(x, (y_{a}:a\in A^{N})),$
$\ldots,$
$G_{m}(x, (y_{a}:a\in A^{N})))^{T}$
. $G_{j}(x, (y_{a}:a\in A^{N}))$ , $x$
.
(1)
$\min$ go(x) subject to $g(x)\in \mathcal{K}$
, ,
$\min G0(x, (y_{a}:a\in A))$ subject to $G(x, (y_{a}:a\in A))\in \mathcal{K}$ (10)
. (10) , . ,
$\max\sum_{j=1}^{m}\gamma_{j}v_{j}$ subjec.t to $v\in \mathcal{G}$ (11)
. ,
$\mathcal{G}=\{v\in \mathcal{K}^{*}|\sum_{j=1}^{m}$ $djvj=d_{0}, \sum_{j=1}^{m}c_{j}(a)v_{j}=c_{0}(a)$ $(a\in A^{N})\}$
, $\mathcal{K}^{*}$ $\mathcal{K}$ . , (1) Lagrange $L(x, v)$
$L(x, v)=g_{0}(x)-\langle v,g(x)\rangle$ $(v\in \mathcal{K}^{*})$
. , $\langle\cdot, \cdot\rangle$ , . , :
41([3])
1. $(v, \zeta)\in \mathcal{K}^{*}\mathrm{x}\mathbb{R}$
$L(x, v)$ $=$ $\zeta$ $(\forall x\in \mathbb{R}^{n})$ (12)
, $v\in \mathcal{G},$ $\zeta=\sum_{j=1}^{m}\gamma_{j}v_{j}$ .





$\zeta^{*}>-\infty$ (1) . , $(v^{*}, \zeta^{*})\in \mathcal{K}^{*}\cross \mathbb{R}$ (12) .
, $v^{*}$ (11) , $\zeta^{*},$ (10) (11) .
(4.2) (4.1) , (3) , (4.1)
, (12) (9) . , .
(1) , (3) :
$g_{i}(x)$ $=$ $M(g_{i}x)$ , $gm\dagger 1(X)$ $=$ $M(x)$
$\ell_{i}$ $=$ $u(x, N_{i})$ , $\ell_{m+1}$ $=$ $u(x, N_{m+1})$
$\mathcal{K}_{i}$ $=$ $s^{\ell}\dotplus(i=1, \ldots, m+1)$ , $\mathcal{K}$ $=$ $\mathcal{K}_{1}\mathrm{x}\cdots \mathrm{x}\mathcal{K}_{m+1}$
, $\mathcal{K}^{*}=\mathcal{K}$ , Lagrange $L(x, V_{1}, \ldots, V_{m+1})$ ,
$L(x, V_{1}, \ldots, V_{m+1})$ $=$ go $(x)- \sum_{i=1}^{m}V:\cdot M(g_{i}x)$
$-V_{m+1}\cdot M(x)$ $(\forall x\in \mathbb{R}^{n}, V:\in s^{\ell}\dotplus)$ (13)
. ,
$L(x, V_{1}^{*}, \ldots, V_{m+1}^{*})=\zeta$ $(\forall x\in \mathbb{R}^{n})$ ,
$(V_{1}^{*}, \ldots, V_{m+1}^{*}, \zeta^{*})\in S^{\ell_{1}}\mathrm{x}\cdots \mathrm{x}\mathrm{S}_{+}^{m+1}\cross \mathbb{R}$ . , $V$ ;
$V_{i}^{*}= \sum_{k=1}^{\ell}.\lambda_{ik}w_{ik}w_{ik}^{T}$ $(i=1, \ldots, m+1)$
. , $w_{ik}$ , $V_{i}^{*}$ , \lambda i\sim $V_{i}^{*}$ .
,
$L(x, V_{1}^{*}, \ldots, V_{m+1}^{*})$ $=$ $g_{0}(x)- \sum_{i=1}^{m}(\sum_{k=1}^{\ell}.\lambda_{1k}.w_{ik}w_{ik}^{T})\cdot g_{i}(x)u(x, N_{i})u(x, N_{i})^{T}$
$-( \sum_{k=1}^{\ell_{m+1}}\lambda_{m+1k}w_{m+1k}w_{m+1k)}^{T}\cdot u(x, N_{m+1})u(x, N_{m+1})^{T}$

















$=$ { $x\in \mathbb{R}^{n}|G(x,$ $(y_{a}:a\in A^{N}))\in \mathcal{K}$ for some $(y_{a}$ : $a\in A^{N})$ }
, (10) $x$ . $\hat{F}$
, $\hat{\mathcal{F}}$ (1) $\mathcal{F}$ , $\mathcal{F}\subset\hat{\mathcal{F}}$ .
, $\hat{F}$ , Fujie-Kojima[l] (2.1) .
, $\mathrm{c}_{0}^{T}x$ . , ,
$x_{n+1}$ $x_{n+1}$ , $f_{0}(x)-x_{n+1}\in \mathbb{R}_{+}$ .
. $\mathcal{L}^{*}$
$\mathcal{L}^{*}$ $=$ { $v\in \mathcal{K}^{*}|v^{T}g(x)$ $x$ 2 }
$=$ $\{v\in \mathcal{K}^{*}|\sum_{j=1}^{m}$ vjcj(a) $=0(a\in A^{N})\}$
, $\overline{F}$ :
$\overline{F}$
$=$ $\{x\in \mathbb{R}^{n}|\langle v,g(x)\rangle\geq 0\forall v\in \mathcal{L}^{*}\}$
$\overline{\mathcal{F}}$ . $\hat{F}$ $\overline{F}$ .
43
1. $\hat{\mathcal{F}}\subset\overline{F}$
2. $g(\overline{x})$ $\mathcal{K}$ $\overline{x}\in \mathbb{R}^{n}$ . , $\hat{F}$ $\overline{F}$
.
, $\hat{F}$ $\overline{\mathcal{F}}$ . , $\hat{\mathcal{F}}$
, $g_{j}(x)$ .
, (4.3) [1] . [1] , 2
SDP :
$\min c^{T}x$ subject to $p_{j}(x)=x^{T}Q_{j}x+q_{j}^{T}x+\gamma j\leq 0,$ $(j=1, \ldots, m)$ (14)
$Q_{\mathrm{j}}\mathfrak{l}\mathrm{f}n$ , $\mathrm{c},$ $q_{j}\in \mathbb{R}^{n},$ $\gamma_{j}\in \mathbb{R}$ . [1] , 2
$\hat{F}_{FK},\tilde{F}_{FK}$ :
$\hat{\mathcal{F}}_{FK}$
$=$ $\{x\in \mathbb{R}^{n}|(\begin{array}{ll}\gamma_{j} q_{j}/2q_{j}/2 Q_{j}\end{array})\cdot(\begin{array}{ll}1 xx X\end{array})\leq 0$ for some $X\in s_{+}^{n}\}$
$\overline{\mathcal{F}}_{FK}$
$=$ $\{x\in \mathbb{R}^{n}|-\sum_{j=1}^{m}s_{j}p_{j}(x)\geq 0\forall s\in \mathbb{R}_{+}^{m}$ such that $\sum_{j=1}^{m}sjQ_{j}[succeq] O\}$
231
(15) , $\mathcal{F},$ $\mathcal{F}$ , $\mathcal{F}_{FK},$ $\mathcal{F}_{FK}$ ,
(43) (2 $\mathfrak{y}$ . (15) $\mathcal{F}$ , $\mathcal{F}_{FK}$
. $\mathcal{F}$ ,
$\overline{\mathcal{F}}=\{x\in \mathbb{R}^{n}|-\sum_{j=1}^{m}s_{j}p_{j}(x)+(\begin{array}{ll}1 xx xx^{T}\end{array}) \cdot V\geq 0\forall(s, V)\in \mathcal{L}^{*}\}$
. , (4.3) [1] :
4.1 $\tilde{F}=\overline{F}_{FK}$ .
$(\overline{F}_{FK}\subset\overline{F}).\overline{x}\in\tilde{F}_{FK}$ $1\mathrm{f}$ ,
- $\sum_{j=1}^{m}sjpj(\overline{x})\geq 0\forall s\in \mathbb{R}_{+}^{m}$ such that $\sum sjQ_{j}[succeq] O$
. $s$ A $\langle$ . $( \Lambda:=\{s\in \mathbb{R}_{+}^{m}|\sum s_{j}Q_{j}[succeq] O\})$ . , $\mathcal{L}^{*}$ $(s, U)$
. ,
$U=(\begin{array}{ll}w u^{T}u W\end{array})$
, $- \sum s_{j}Q_{j}+W=O$ $U\in s_{+}^{n+1}$ , $W[succeq] O$ . ,




- $\sum_{j=1}^{m}s_{j}p_{j}(\overline{x})+(\overline{x}1$ $\overline{x}\overline{x}^{T}\overline{x}^{T})(1,\overline{x}^{T})\cdot U\geq 0(\forall(s, U)\in \mathcal{L}^{*})$
. , $\overline{x}\in\tilde{F}$ .
$(\tilde{\mathcal{F}}\subset\tilde{\mathcal{F}}_{FK})$ . $\overline{x}\not\in\overline{\mathcal{F}}_{FK}$ $\overline{x}\not\in\tilde{F}$ . $\overline{x}\not\in\tilde{\mathcal{F}}_{FK}$
,-\Sigma j $=1s_{j}^{-}p_{j}(\overline{x})<0$ , $\sum\overline{s}_{j}Q_{j}[succeq] O$ , $\overline{s}\in \mathbb{R}_{+}^{n}$ . $V$
$V=(\begin{array}{ll}\overline{x}^{T}(\Sigma\overline{s}_{j}Q_{j})\overline{x} -(\Sigma\overline{s}_{j}Q_{j})\overline{x}-(\Sigma\overline{s}_{j}Q_{j})\overline{x} \Sigma\overline{s}_{j}Q_{j}\end{array})$
, $V[succeq] O$ . $(\overline{s}, V)$ ,
$- \sum\overline{s}_{j}p_{j}(x)+(\begin{array}{ll}1 x^{T}x xx^{T}\end{array}) \cdot V=-(\sum\sim(q_{j}+2Q_{j}\overline{x}))^{T}x-\sum\overline{s}_{j}r_{j}+\overline{x}^{T}(\sum\overline{s}_{j}Q_{j})\overline{x}$
232
, 2 . , $(\overline{s}, V)\in \mathcal{L}^{*}$ ,
$- \sum\overline{s}_{j}p_{j}(\overline{x})+(\overline{x}1$ $\overline{x}\overline{x}^{T}\overline{x}^{T})\cdot V$ $=$ $-( \sum\overline{s}_{j}(q_{j}+2Q_{j}\overline{x}))^{T}\overline{x}$
$- \sum\overline{s}_{j}r_{j}+\overline{x}^{T}(\sum\overline{s}_{j}Q_{j})\overline{x}$
$=$ - $\sum_{j=1}^{m}\overline{s}_{j}p_{j}(\overline{x})<0$
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